Abstract. The present study was designed to determine the plasma level of orexin and its relationship with other metabolic and anthropometric markers in obese children. Forty-seven obese Japanese children, consisting of 31 boys and 16 girls, were enrolled in the study. Their ages were 10.4 ± 0.5 (mean ± s.e.m.) yr, and their percentage overweight was 42.9 ± 1.9%. Blood was drawn after an overnight fast. The agematched control group consisted of 26 nonobese children, 13 boys and 13 girls. Plasma orexin-A concentration was higher in obese children (17.0 ± 0.4 pg/ml; p<0.001) than in the control children (13.5 ± 1.1 pg/ml). Similarly, plasma leptin concentration was higher in obese children (12.0 ± 1.0 ng/ml; p<0.001) than in the control children (5.2 ± 0.4 ng/ml). There was a highly significant positive correlation between the two parameters in the obese children (r=0.49, p<0.001). Plasma orexin-A level was correlated significantly with waist-to-hip ratio, while leptin level was correlated with percentage overweight, waist circumference and percentage body fat in the obese children. These results suggest that high plasma orexin-A level parallels the leptin level in obese children.
Introduction
Orexins-A and -B, which are also called hypocretins, have recently been identified as novel hypothalamic neuropeptides (1) . They strongly activate the appetite of animals through action in the lateral hypothalamus, and have been implicated in the central regulation of metabolic rate and glucose homeostasis. On the other hand, leptin plays a central role in hypothalamic regulation of food intake. It inhibits the orexinergic pathway of acceleration of food intake in the lateral hypothalamic area.
Both orexin-A and -B are derived from a common precursor preproorexin, which consists of 131 amino acid residues, by proteolytic processing (2) . Orexin-A and -B consist of 33 and 28 amino acids, and their molecular weight are 3561 and 2899, respectively. There are two types of orexin receptors, both of which are coupled with G-protein. The affinity of orexin 1 receptor (OX1R) is 50 times higher to orexin-A than to orexin-B, while orexin 2 receptor (OX2R) shows equal affinity to both types of ligands.
Orexinergic neurons are known to project to mu ltiple neur o nal systems (3), an d t he physiological role of orexin in the central nervous system (CNS) has been elucidated at least partly. The gene expression of orexin is regulated by blood glucose and feeding (4, 5) . Moreover, orexin regulates the sleep-wake cycle and other behaviors such as grooming through a dopaminergic pathway in CNS. Depletion of orexin in CNS plays a central role in the pathogenesis of narcolepsy in both animals and man (6, 7) .
The orexin gene is expressed in the testis (8), ovary, intestine (9), pancreas (10), and adrenals (11) . Although orexin-A occurs in blood in a substantial amount, little is known about the action mechanism of orexin-A in peripheral tissues. Orexin-A, but not orexin-B, permeates the blood brain barrier (12) . Orexin-A, when administered intra-peritoneally to the rat, stimulates insulin secretion by direct action on the pancreatic islets (10) . We have already demonstrated that orexin-A stimulates catecholamine synthesis in bovine adrenal medullary cells via the OX1R route (13) .
To our knowledge, plasma orexin concentration has been measured in only adult studies. The present study was designed to determine the plasma level of orexin and its r e l at io n s h i p wi th o t h er m e t ab o l i c a n d anthropometric markers in obese children.
Materials and Methods

Subjects
Forty-seven obese Japanese children, consisting of 31 boys and 16 girls, who visited the Clinic for Obese Children at either the University of Yamanashi or the University of Occupational and Environmental Health, were consecutively enrolled in the study (Table 1 ). According to the criteria for obesity in childhood adopted by the Ministry of Health, Labor and Welfare in Japan, a child was considered to be obese when the body weight exceeded 120% of the standard body weight, which is defined as the mean body weight corresponding to the height for that age obtained from the national statistics for Japanese school children in 1990. The ages of the subjects were 10.4 ± 0.5 (mean ± s.e.m.) yr, and their percentage overweight was 42.9 ± 1.9%. They had no endocrine, metabolic or kidney diseases. Blood was drawn after an overnight fast and they were subjected to anthropometric measurements in cludin g h eig ht, b ody wei ght , wa ist circumference, hip circumference, and triceps and subscapular skinfold thicknesses.
The age-matched control group for measuring orexin and leptin (mean age, 10.4 ± 0.3 yr) consisted of 26 nonobese children, 13 boys and 13 girls (Table 1) . Their percentage overweight was 0.37 ± 1.5%. Blood was drawn after an overnight fast. Since there were no significant sex-related differences among the anthropometric and clinical 
Anthropometric measurements
Anthropometric measurements were performed, as described previously (14) , by the medical staff at both clinics. In brief, height was measured to the nearest 0.1 cm and body weight to the nearest 0.1 kg using a stadiometer. The waist circumference was measured at the level of the umbilicus, and hip circumference at the level of maximum extension of the buttocks, to the nearest 0.1 cm. Skinfold thickness was measured to the nearest 0.1 cm using the skinfold calipers at triceps (halfway between the acromion and the olecranon) and subscapular (1 cm below the inferior angle of the scapula). The percentage overweight was calculated using a small programmed calculator (Pocket Growth Checker GEN-185, Sumitomo Pharmaceuticals Co., Osaka, Japan). The percentage body fat, based on the sum of triceps and subscapular skinfold thicknesses, was obtained using Brozek's equation (15) , after body density was calculated according to Nagamine's formula (16) .
Biochemical measurements
Orexin-A in human plasma was assayed by a radioimmunoassay kit (Peninsula Laboartory Inc., Belmont, CA, USA). Leptin in human plasma was assayed by an enzyme-linked immunosorbent assay kit (IBL Co., Ltd., Fujioka, Gunma, Japan). The sera were stored frozen at -80°C until measurement. 
Statistics
Data are presented as the means and s.e.m. The statistical significance between means was estimated by an unpaired t-test. Differences were considered statistically significant at p<0.05. Pearson's correlation coefficients were calculated by least-squares linear regression analysis. The statistical analyses were performed using SPSS version 11.0.1J (SPSS Japan Inc., Tokyo, Japan). Table 2 summarizes the data on clinical blood biochemistry for obese children. Plasma orexin-A concentration was higher in obese children (17.0 ± 0.4 pg/ml; p<0.001) than in the control children (13.5 ± 1.1 pg/ml) (Fig. 1) . Similarly, plasma leptin concentration was higher in obese children (12.0 ± 1.0 ng/ml; p<0.001) than in the control children (5.2 ± 0.4 ng/ml) (Fig. 1) . Table 3 summarizes relationships between the anthropometric indices and the plasma level of orexin-A or leptin in obese children. The plasma orexin-A level was correlated significantly with the waist-to-hip ratio only, while the leptin level was correlated with percentage overweight, waist circumference and percentage body fat. The relationship between plasma levels of orexin-A and leptin is shown in Fig. 2 . There was a highly significant positive correlation between the two parameters. None of the data on clinical blood biochemistry shown in Table 2 was correlated with the plasma level of orexin-A or leptin.
Results
Discussion
Plasma levels of both orexin-A and leptin were higher in the obese than the control children, and orexin-A was correlated positively with leptin. However, both parameters were correlated with only limited numbers of anthropometric indices, and with no other data of clinical blood biochemistry.
Arihara et al. (18) reported that plasma immunoreactive orexin-A level was 6.91 ± 0.85 pg/ ml in healthy adults after extraction of orexin-A by Sep Pak chromatography from acidified plasma. On the other hand, Komaki et al. (19) reported that the basal level of orexin-A was 29.9 ± 1.6 pg/ml without extraction, using the same commercial kit as ours. They also reported that the plasma orexin-A level increased to 38.9-47.9 pg/ml during fasting for 7-10 days in the treatment of psychosomatic diseases in nonobese women (19) . The reported level by Arihara et al. (18) was lower, and those by Komaki et al. (19) were higher than ours. In our study, orexin-A was not correlated with the age of the subjects. Matsumura et al. reported (20) in subjects, whose ages ranged from 23 to 79 yr, that plasma orexin-A level was higher in the elderly adults than in the younger ones. However, whether the difference in plasma concentrations between our study and other studies is dependent on the ages of the subjects needs to be studied further.
The high level of orexin, which promotes appetite, in obese children, observed here, implies that their appetite is not suppressed regardless of their obesity. The high plasma level of orexin-A appeared to parallel the level of leptin in the present study. If the orexinergic effect parallels that of leptin in the hypothalamic regulation of appetite, this association can, at least partly, explain the apparent leptin resistance in the present obese children. However, this is unlikely because leptin is known to inhibit the orexinergic pathway of acceleration of food intake in the lateral hypothalamic area. Adam et al. reported (21) that the plasma orexin level was inversely correlated with body mass index in the range of 20-59 kg/m 2 in adults. Conversely, Matsumura et al. (22) reported that plasma orexin-A level was positively correlated with either body mass index or fat mass in lean and normal weight adults with chronic obstructive pulmonary diseases.
Patients with narcolepsy show a low concentration of orexin-A in cerebrospinal fluid (23, 24) , however, their plasma levels of orexin were reported to be either low (23) or normal (24) . Around half of the orexinergic neurons in the hypothalamus are under the inhibitory regulation of leptin. Thus, orexin is secreted by fasting in order to conserve energy in the central nervous system. Whether the peripheral mechanism related to orexin is also regulated by leptin or not is unknown. In our previous study in bovine adrenal cells (13) , orexin appeared to accelerate energy metabolism rather than to conserve energy. This dual action of orexin in central and peripheral mechanisms needs to be studied further.
In the present study, plasma orexin-A level was correlated significantly with the waist-to-hip ratio but not with waist circumference. On the other hand, the opposite was the case with leptin. The clinical implication of these observations needs to be studied further. Lissner et al. (25) r ep o r ted in S wed i s h wo men t ha t hip circumference showed a health-promoting effect, and that the effect was independent of the adverse health effect of waist circumference. They suggested that waist-to-hip ratio and waist circumference had mutually different implications in health and longevity of men. Thus, the correlation profile of the two indices may be different from each other.
